Background-Regular blood donors are at risk of iron deficiency, but characteristics which predispose to this condition are poorly defined.
Introduction
Whole blood donation, which can be as frequent as every eight weeks in the United States, is associated with depletion of body iron stores. 1, 2 Studies by Finch 3 and Simon 1 in the late 1970's and 1980's showed that there was a drop in serum ferritin concentration associated with blood donation over the prior 4-5 years. The over-all prevalence of iron depletion was 8% in male blood donors and 23% in female blood donors in Simon's studies indicating the impact of menstrual blood loss. Simon's studies showed this problem could be ameliorated by iron supplementation.
Since those studies were conducted, most blood centers have reduced the required hemoglobin level for males from 13.5 g/dL to 12.5 g/dL and increased the container blood volume from 450 to 500 mL. In addition, the use of intensive donor recruitment strategies and double red cell collections have probably also contributed to more frequent blood donation. These factors have likely increased the problem of iron depletion.
A polymorphism in transferrin, which increases the likelihood that menstruating women will be iron deficient, 4 and description of several genes for hemochromatosis, at least one of which (C282Y) is associated with iron absorption, 5, 6 have been described. This leads to the possibility these genetic markers might define "at risk" and "protected" donor groups with respect to iron depletion in blood donors. Further, none of the previous studies of iron depletion in blood donors have assessed the influence of racial or socio-economic factors. Dietary intake would also be expected to have an important influence on the prevalence of iron depletion in various donor groups, and has not been studied. Finally, the availability of new tests of body iron status provides further opportunities to detect or prevent this problem.
In addition to causing anemia, iron deficiency has been tentatively linked to a variety of neurologic and other non-hematologic manifestations, 7 but may also be cardio-protective. 8 Thus, significant changes in blood donor management to prevent iron depletion in blood donors 9 should be considered in the context of careful evaluation of the pros and cons of being iron depleted, which may depend in part on varying degrees of iron depletion. 8 Underlying any plan to modify the iron status of blood donors is the requirement for a more precise understanding of the factors that predict blood donor iron deficiency. For these reasons, the National Heart, Lung, and Blood Institute's (NHLBI) Retrovirus Epidemiology Donor Study -II (REDS-II) program launched the REDS-II Donor Iron Status Evaluation (RISE). The RISE study aims to evaluate the effects of blood donation intensity on iron and hemoglobin status, assess factors that could modify that relationship, and provide data to help formulate optimal whole blood donation frequency guidelines. In this manuscript we report the analysis of the RISE enrollment data. This large and comprehensive study provides an updated evaluation of iron status in the US blood donor population.
Methods
The RISE study was conducted between December 2007 and December 2009 as a twenty four month longitudinal multi-center study. All six REDS-II blood centers participated in the study; these included the American Red Cross New England Region (Dedham, MA), American Red Cross Southern Region (Douglasville, GA), Blood Center of Wisconsin (Milwaukee, WI); Blood Centers of the Pacific (San Francisco, CA), Hoxworth Blood Center/University of Cincinnati Academic Health Center (Cincinnati, OH), and the Institute for Transfusion Medicine (Pittsburgh, PA). The REDS-II centers represent geographically and demographically diverse populations and collectively account for over 8% of annual blood collections in the United States. The REDS-II coordinating center is Westat (Rockville, MD) and Blood Systems Research Institute (San Francisco, CA) serves as the REDS-II Central Laboratory.
Enrollment
Two cohorts were established and followed for a maximum of 24 months. The first time/ reactivated (FT/RA) donor cohort consisting of men and women who had either never given blood before (FT) or had not given a donation in the 2 years prior to enrollment (RA), and a frequent donor cohort consisting of men who had given ≥ 3 whole blood donations in the last year and women who had given ≥ 2 whole blood donations in the last year -or equivalent double red cell donations. Whole blood donation containers at the time of enrollment were for 500 mL whole blood draw at 5 of the blood centers and for 450 mL draw at the other blood center.
The target enrollment goal for the RISE study was 2,340 donors -1,500 frequent donors and 840 first time/reactivated donors. Enrollment procedures were targeted to recruit equal number of male and female donors in each cohort. Enrollment in the study mainly occurred at fixed donation sites. However, some study sites chose to recruit from a combination of fixed and mobile sites to meet their targets. Based on the study inclusion criteria, only those individuals who presented to donate whole blood or double red blood cell units and were not deferred were approached to participate in the RISE study.
Donors agreeing to enroll in the study reviewed and signed an informed consent, agreed to return to donate frequently in the next 24 months, provide blood samples at each visit, and complete a baseline questionnaire. The RISE study protocol and donor consent forms were approved by each participating center IRB and the Westat IRB.
Donor Questionnaire/Donor Demographics
A self-administered questionnaire was used to collect details on blood donation history; smoking history; diet; use of vitamins, supplements and aspirin; and reproductive history (female donors only). Most of the questions were adopted from previously validated instruments [California Smoking Survey, 10 NIH Diet History Questionnaire, 11 NHANES Reproductive Questionnaire 2000 12 Mansfield et al. 13 ]. Some questions were condensed for analysis purposes. RISE donors enrolling in the study were asked about their average consumption of certain iron rich foods in the past 12 months. The donors could answer in nine dietary frequency levels, which were regrouped into 3 levels based on each food's frequency approximating a low, medium and high level of consumption for each food. The exception was liver which was dichotomized because the majority reported never eating liver. A history of iron supplementation was determined by asking the donor if they took a multivitamin with iron and/or if they took a specific iron supplement. Height, weight, country of birth, race/ethnicity, and highest educational level were compiled from the donor information form that donors complete at the time of donation at the REDS-II centers. See HFE and Transferrin Gene Mutation Testing-Samples were screened for the C282Y and H63D mutations in the HFE gene which predispose to hemochromatosis, 6 and for the C277Y mutation on the transferrin gene which predisposes to iron deficiency anemia 4 using DNA isolated from frozen whole blood samples and SyBr green based real-time polymerase chain reaction (PCR).
Determination of Absent Iron Stores (AIS) and Iron Deficiency Erythropoiesis (IDE)
A subject was classified as having absent iron stores (AIS) if their plasma ferritin at the enrollment visit was less than 12 ng/mL. This cutoff is a highly specific indicator of iron deficiency, that reflects absent tissue and bone marrow iron stores, but lacks sensitivity. 15, 16, 17, 18 Measurement of the soluble transferrin receptor (sTfR) is a sensitive measure of functional iron deficiency. 19, 20 In addition, ferritin measurements and sTfR values have been combined into a ratio, log (sTfR/ferritin), as a derived measurement. Use of the two reciprocally regulated measurements appears to provide excellent discrimination of clinical iron deficiency anemia and early experience in blood donors suggests high sensitivity in the detection of iron deficient erytthropoiesis. 15, 17 Here, iron deficient erythropoiesis (IDE) is defined as present if the log of the ratio of soluble transferrin receptor (sTfR) to ferritin [log (sTfR/Ferritin)] was ≥ 2.07. This value corresponded to the 97.5 percentile of the distribution of the log (sTfR/ferritin) in FT/RA males at enrollment. Other studies have used higher cut-offs based on a gender-neutral reference range in first time donors. 17 Given the significant differences between men and women in iron stores, we favored male first time donors as the reference population.
Statistical Analysis
The arithmetic means of hemoglobin and the geometric means of ferritin were calculated (geometric rather than arithmetic means were used because the ferritin distributions were heavily skewed to the right) by gender, FT/RA versus frequent status, and by number of donations in the year prior to enrollment. Bivariable associations between AIS or IDE and all donor characteristics were evaluated using chi-square statistics. Multivariable logistic regression models for AIS and IDE incorporating all potential predictor variables were constructed to evaluate independent risk factors of AIS and IDE (SAS 9.1.3 (2004) SAS Institute Inc, Cary NC). The study was designed to prospectively follow cohorts; this crosssectional analysis of the cohorts was not statistically powered to consider most of the potential variables associated with AIS or IDE. Hence, all potential predictor variables were retained in the multivariable logistic regressions so that plausible magnitude of associations could be noted. A more parsimonious model containing only statistical significant (at 0.05 level) variables yielded substantively equivalent odds ratios for the remaining variables compared to the model presented. An age by gender interaction was included in each regression; and the gender effect described in the model summary compares male donors averaged over the observed male age distribution to female donors averaged over the observed female age, menstrual, and pregnancy distributions.
Results
The final enrollment in RISE was 2425 donors: 481 FT/RA females; 407 FT/RA males; 769 frequent female donors and 768 frequent male donors. Table 1 shows the four main indicators of iron status, venous hemoglobin, ferritin, sTfR, and log (sTfR/Ferritin), by gender and donor status at enrollment. Median hemoglobin levels were higher in males than in females. However frequent male donors had lower median hemoglobin compared to FT/ RA males. Additionally, FT/RA male donors had a median ferritin of 108 ng/mL while frequent male donors had a median ferritin level of 25 ng/mL; corresponding levels for female donors were 37 ng/mL (FT/RA) and 19 ng/mL (frequent). The median log (sTfR/ Ferritin) was also higher in frequent than in FT/RA donors of the same sex.
Of the 2425 donors in the RISE study, 15.0% had AIS and 41.7% had IDE at enrollment. For FT/RA donors 0% of males had AIS and 2.5% (by definition) had IDE at enrollment, whereas 6.4% of FT/RA females had AIS and 24.7% IDE. In contrast, 16.4% and 48.7% of frequent male donors had AIS and IDE, respectively, with corresponding proportions of 27.1% (AIS) and 66.1% (IDE) for frequent female donors (Table 1 ). Figure 1 shows that venous hemoglobin decreased, albeit slightly, for males with increasing numbers of donations over the previous 12 months. Figure 2 , representing the geometric mean of ferritin stratified by gender and number of donations in the last 12 months, shows that the difference between male and female frequent donors is small compared to the difference between frequent donors and donors with no donations in the last 12 months. Ferritin decreases with increasing donation frequency and this decrease was more marked in men: ferritin in males with >5 annual donations was nearly as low as the level observed in comparable females from both the pre-and post-menopausal age groups. Table 2 shows the proportion of donors with AIS and IDE by demographics (Panel A), dietary intake (panel B), weight, smoking history, selected medications (aspirin and iron supplements), HFE and transferrin gene mutation status, and for females, menstrual and pregnancy history (panel C). Female donors had higher proportions of AIS (19.1%) and IDE (50.2%) than did male donors (10.7% and 32.7%, respectively). Reactivated donors had the lowest percentage of AIS (2.4%) and IDE (13.7%) followed closely by first-time donors, 5.6% and 16.2%, respectively. The percentage of donors with AIS increased to 17.4% for donors who had given 4 or fewer donations in the past 2 years and then remained in the low to mid 20% range for other donation frequencies. The percentage of donors with IDE increased monotonically with increasing numbers of previous donations in the past two years. Other demographic factors that had significant bivariable association with AIS and/or IDE included age and country of birth. Race/ethnicity was not statistically significant overall, although Asians appeared to have a lower prevalence of IDE (p=0.03) compared to Whites. AIS was associated with heavier dairy consumption, but no other dietary variables were significant. For IDE, beef; dairy; liver; oysters, mussels, shrimp and sardines; and other fish consumption had p values less than 0.05 with higher consumption of beef and other fish seemingly protective for IDE (Table 2 , Panel B). Lower weight, not smoking and iron supplementation were the only variables in Table 2 , Panel C significantly associated with AIS and/or IDE.
All the donor characteristic variables in Table 2 were retained in the multivariable regressions for AIS and IDE. The results of these regressions are shown in Table 3 and in Appendix B. Table 3 includes variables with p-values less than or equal to 0.01 or observed Odds Ratios with at least twofold variation among dominant categories of the variable (i.e. greater than 5% of donors). Remaining variables included in the model but not meeting the above criteria are summarized in Appendix B.
The strongest predictor of having AIS or IDE at enrollment into the RISE study was the number of red cell donations in the past two years. Frequent donors with four or fewer prior donations in the past two years had 5.3 times the odds of a first-time donor having AIS, while donors with 7-9 donations had 13.5 times the odds (Table 3) . Each increase in the number of donations resulted in significantly higher odds of having AIS. Because reactivated donors appeared to have a lower likelihood of having AIS than first-time donors based on the proportion of donors with AIS and IDE, they were modeled as separate groups. However when controlling for other factors in the adjusted model, the odds ratio comparing the odds of AIS in reactivated donors to those of first-time donors was not significant. Similar to AIS, red cell donation in the previous 2 years was the primary predictor of IDE. Frequent donors with four or fewer previous donations had 14.0 times the odds of IDE than that of a first-time donor and those with 10 or more donations in the last 2 years had 50.5 times the odds.
Female donors were more likely to have AIS and IDE than male donors. The OR was 1.8 comparing the odds of AIS in females to that of males and 2.8 for IDE when the gender effect was standardized for age, menstrual status, and pregnancy history. Age was a significant predictor of AIS, but only in females (Table 3) . Female donors less than 20 years old had an odds ratio of 3.1 and 20-29 year olds 3.9 times that of 40-49 year olds. For IDE, all the younger female donor groups had a significantly higher odds of IDE compared to the 40-49 year olds. Male donors aged 20-29 had an odds ratio of 2.3 for IDE compared to the reference group. There were no other significant odds ratios for men. Center of enrollment was also a significant predictor of AIS (p=0.01) and IDE (p<0.0001) in the adjusted models. Center E was the only center with a significant odds ratio for AIS and IDE with center E donors being about 2 times more likely than donors at center A to have AIS or IDE.
Weight was significant for both AIS and IDE although less so for IDE (p=0.0001 vs. p=0.04). As body weight increased, the odds of AIS decreased, with persons over 200 pounds having the lowest odds ratio (OR: 0.5) compared to the reference group of donors weighing 150-174 pounds. Donors over 200 pounds also had significantly lower odds of IDE than donors who weighed 150-174 pounds (OR: 0.7, 95% CI: 0.5-0.9). Certain behaviors also impacted the likelihood of AIS or IDE. Taking iron supplements appeared to have a protective effect for AIS (OR: 0.7) but not for IDE. Conversely current (OR of 0.5) and past smoking (OR of 0.7) reduced the likelihood of IDE but not the likelihood of AIS. Donors with 2 HFE genes (homozygotes for C282Y or H63D or mixed heterozygotes) have a lower prevalence of IDE than donors who were wild-type for both genes (OR: 0.4), but having only one copy of either mutation was not protective. After adjusting for the combined age/gender variable there was a residual effect of current menstrual status which increased the likelihood of IDE compared to the reference group but the effect was only marginal (p=0.05). Finally, women who had been pregnant had higher odds of IDE than women (and men) who had never been pregnant (Table 3) .
Discussion
The RISE study was designed, in part, to evaluate the effects of blood donation intensity on iron and hemoglobin status and assess how these are modified as a function of donor demographic, reproductive and behavioral factors, and to provide data to help formulate optimal whole blood donation frequency guidelines. The analysis of the enrollment data from RISE presented here provides the largest and most comprehensive study to date of blood donor iron deficiency.
There have been three previous large cross-sectional studies that evaluated blood donor iron status. Finch, et al, 3 used the newly available ferritin assay in 1977 to study blood donors. Ferritin was significantly lower in frequent than in first time donors, and the proportion of donors with ferritin <12 ng/mL increased as the number of donations in the previous year increased. Simon, et al. performed a similar study, but with additional information on female donor menstrual status and on use of over-the-counter iron supplements. 1 Ferritin values at any donation frequency were higher in non-menstruating compared with menstruating women; and among menstruating women, in those taking self-administered iron supplements. Most recently Radtke, et al. studied German blood donors in a similar manner, 17 but also evaluated sTfR and a number of red cell and reticulocyte indices. Using ferritin < 12 ng/mL as an indicator of reduced iron stores, their findings were similar to those of Finch.
Analysis of the enrollment data from the RISE study shows that absent iron stores -AIS, and iron deficient erythropoies is -IDE, are highly prevalent in frequent blood donors. Of RISE frequent male blood donors 16.4% have AIS and 48.7% IDE, while 27.1% and 66.1% of female frequent donors have AIS and IDE, respectively. In contrast to previous studies, two distinctly different donor groups were included in the RISE study. A first group consisted of first time and reactivated donors. We found no meaningful differences between FT and RA donors when controlling for other factors and the two groups were combined for most analyses. These donors were assumed to have an iron status that was unaffected by blood donation preceding enrollment. In the second group, we enrolled frequent whole blood and red cell donors who had a wide range of donation intensities measured over the previous 2 years. The RISE enrollment results are similar to the previous three studies in that donors' gender and previous donations were the most important factors in determining iron status. In this study we chose to use a specific measure of iron loss, reflected by ferritin < 12 ng/mL (AIS), and a more sensitive measure of iron loss than previous study, 17 log (sTfR/ferritin) >2.07 (IDE). As expected, our more sensitive definition resulted in a higher percentage of blood donors found to have IDE.
Deferral for low hemoglobin is the most common cause of presenting donor loss, particularly in females. Based on data from the REDS-II donor centers, 9.9% of all donation attempts (17.7% females; 1.6% males) end in a deferral for a low hemoglobin or hematocrit. 21 Accepted blood donors are required to have a hemoglobin value of at least 12.5 g/dL in the United States. 22, 23 However, based on currently accepted hemoglobin reference ranges for all adults, 24 some female blood donors with values within the reference range are deferred, while some male donors who are below the reference range are eligible to donate. An analysis of NHANES II data for adults shown to have adequate iron stores 25 also shows that 12.5 g/dL is not an appropriate lower limit for blood donation to prevent iron depletion.
We confirmed that there are only minimal changes in donor hemoglobin in frequent donors as a function of prior donation intensity, replicating Simon, et al. 1 The results, however, are likely directly influenced by the cross-sectional nature of the study designs, since donors who became anemic as a result of iron depletion would have been expected to be deferred from previous blood donation, and hence not included in the group of frequent donors. Given the high rate of hemoglobin deferrals in the 6 REDS-II blood centers, 21 this culling effect of deferred donors is likely to be significant. Our study also was limited in that we only enrolled donors who passed the operational requirements at each blood center. Thus, the prevalence and degree of anemia in presenting blood donors was not assessed. For these reasons, this study is unable to provide any information regarding the value of hemoglobin screening to detect iron deficiency or recommend any specific hemoglobin cut-off. Other studies, however, have addressed this issue and concluded that the hemoglobin screen is a poor assessment of the iron status of blood donors. 17, 26 We expect to be able to address these hemoglobin cut-off issues in our follow-up study of these cohorts in RISE.
In our multivariable models for AIS and IDE, previous donation intensity was by far the most important predictor of iron deficiency and iron deficient erythropoies is at enrollment. The magnitude of the associations between AIS or IDE and a variety of donor characteristics is a new and significant additional contribution of RISE. The following donor characteristics, in addition to donation intensity and gender, were found to be independent predictors of AIS and/or IDE: age, weight, smoking, use of iron supplements, HFE genotype, and menstrual and pregnancy status. Country of birth and one dietary variable, consumption of other fish, were marginally significant for IDE.
The inclusion of age, along with a separate assessments of menstrual and pregnancy status in the model, tended to blunt the observed gender effect in this analysis. The observed odds ratio for female gender, reflects a residual gender effect after adjustment for age and menstrual and pregnancy status, and probably reflects the residual iron depletion found in older, non-menstruating women compared to men. The independent influence of menses and pregnancy presumably reflects their known synergistic effect of lowering iron stores. Asian donors had a lower prevalence of IDE and were less likely to have IDE than whites in the unadjusted model. This association was not seen in the multivariable model and it is not clear if the latter finding relates to the country of birth differences or if the unadjusted ethnicity relationship might be due to genetic differences or to environment factors, for instance diet. One large report describes higher ferritin levels in Asians than in Caucasians, which is unrelated to HFE genotype. 5 Presumably, this could explain the differences we observed.
The influence of weight on the development of AIS/IDE is not surprising, since a blood donation represents an increasing percentage of red cell mass in smaller donors and since approximately 85% of body iron is found in the erythron. The independent effect of a tendency to lower weight in female donors tends to aggravate the existing female disadvantage in iron homeostasis.
Smoking had an apparent protective effect of blood donors' iron status. This was somewhat unexpected since smoking is known to increase hemoglobin levels. 27 It was expected that the higher hemoglobin level might allow smokers to donate more frequently at lower iron levels. However, one cross-sectional study in 788 women of menstrual age found that smoking lowers the sTfR, but not the ferritin after adjusting for all other measured variables. 28 This finding, if confirmed, could relate to our observation of higher odds of IDE, but not AIS in non-smokers. It is not clear from the cited study if this finding is a laboratory artifact with the sTfR assay or if it represents real differences in iron homeostasis.
Iron supplements were reported to be taken by 39% of RISE donors. Since the actual multivitamin or mineral supplements were not audited to determine their iron content, this result needs to be interpreted with some caution. However, such donors had a significantly lower prevalence of AIS in the adjusted model suggesting that low dose iron supplements may be beneficial in ameliorating iron depletion. However, the actual magnitude of the effect was small (15.2% AIS in non-supplement donors vs. 14.9% AIS in supplemented donors).
HFE genotype was independently associated with IDE in the adjusted model. However, the effect appears to be due to homozygote or mixed heterozygote genotype for C282Y and H63D. A transferrin polymorphism, G277S, which has been associated with an increased prevalence of iron deficiency anemia in menstruating women, 4 was not associated with AIS or IDE. A more detailed genetic analysis of the RISE donors is planned.
A variety of dietary variables were included in the model. The foods chosen for inquiry were primarily iron-rich foods. However, the only food that was significant in the multivariable model was other fish (defined as consumption of fish other than iron-rich clams, oysters, mussels, shrimp and sardines). Surprisingly beef and liver consumption, which are often recommended to blood donors, had little to no effect after adjusting for other factors. It would appear based on the self-reported RISE dietary variables, that consumption of these foods does not have a meaningful impact on blood donor iron status. More comprehensive dietary surveys would have been desirable, but RISE data was limited by the desire to restrict the length and complexity of the questionnaire. Therefore the lack of dietary effects may be due to the inaccuracy of our measures of iron-rich food consumption, especially given that donors were asked to generalize about their dietary habits over a long period of time. It is also possible that diet would be more important in other countries. Nevertheless, diet does not seem to be a particularly fruitful area for this investigation given the data from our dietary questionnaire, but analysis of the longitudinal data will be important to verify this.
The six REDS-II centers each enrolled an approximately equal number of donors. When blood center was included in the multivariable model, center E was associated with higher levels of AIS and IDE, even after adjustment for multiple donor characteristics that may differ between centers. Since center A was the only center using 450 mL whole blood collection containers, we also analyzed the results from center A versus the other 5 centers combined. However, no significant difference in the odds of AIS or IDE was found in center A donors compared to donors at the other 5 centers, and the remaining 5 centers continued to show difference among them in the odds of AIS and IDE, after center A was removed. The explanation for this overall finding is not certain. It is possible that unrecognized methodological differences existed between center E and the others or that the statistical model did not adequately control for underlying donor differences between centers. The finding of differences among centers illustrates the shortcomings of single center studies since a study done at center E might come to different conclusions than at the other centers. As the REDS-II centers are geographically diverse and chosen to represent the U.S. blood supply, RISE as a multi-center study is likely to better reflect the characteristics of U.S. blood donors as a whole than single center studies.
A limitation for the current analysis is the cross-sectional nature of the enrollment data. This raises the possibility that previously deferred donors may no longer be donating; hence, the magnitude of iron depletion and or anemia may be underestimated. Other possible limitations include errors inherent in self-reported weight and diet. Finally, the use of peripheral blood assays, rather than bone marrow examinations, to assess donor iron status leaves open the possibility of interpretation error based on inferences about donor iron status (AIS and IDE). However, the RISE study is a large, geographically diverse evaluation of blood donor iron status which includes a comprehensive evaluation of donor demographic, genetic, and behavioral factors and their relationship to iron deficiency. As such it is a unique resource for understanding factors that impact on donor iron stores.
In summary, the enrollment data from RISE confirm previous studies documenting a high prevalence of AIS and IDE in frequent blood donors and confirm the strong association between prior donation intensity and the presence of AIS/IDE. In addition to the well known relationship between iron depletion and female gender as a result of menstruation and pregnancy, AIS and IDE in donors are also significantly associated with donor weight, presumably as an indicator of red cell mass. These three factors together are readily apparent in the individuals presenting at blood drives and could be readily manipulated to reduce the prevalence of AIS or IDE by altering standards for frequency of whole blood and double red cell collection to relate allowable donation frequency to donor gender and size. Iron supplementation of blood donors has been proposed for routine implementation and several pilot operational and clinical trials have been conducted. 9 However, operational as well as medical/legal/ethical obstacles have prevented widespread implementation of iron supplementation to date. Based on this study, the impact of low dose iron supplementation could be relatively modest, in part because many blood donors appear to already been taking supplements; on the other hand, it is possible that an increased dose, or programs that ensure donor compliance may still be beneficial. A comprehensive multi-center clinical trial of iron supplementation is warranted. This study suggests that other potential interventions, such as changing the consumption of iron-rich foods or alteration of smoking habits, would likely not be effective. Finally selecting donors on the basis of inherent factors such as race/ ethnicity, country of birth and genetic makeup (as far as can be measured) would appear to have limited influence on AIS/IDE.
Given the widespread and frequent occurrence of blood donation, optimizing its safety for volunteer donors requires significant attention. It appears likely that the findings reported here will stimulate analysis of the health importance of iron depletion in blood donors and the ability of the current donor standards to prevent and detect significant adverse donor sequelae related to iron depletion. They should also cause consideration of interventions to better manage donor iron balance. Reducing the frequency of blood donation would reduce the prevalence of iron deficiency among blood donors, as might implementing routine iron supplementation. In addition to the data presented here, decisions on these interventions will depend on the prospective data obtained after follow-up of the RISE cohort is completed as well as the assessment of the health significance of iron deficiency. 
APPENDIX A: REDS-II DONOR IRON STATUS EVALUATION (RISE) STUDY BASELINE QUESTIONNAIRE
As part of the RISE study, sponsored by the National Heart, Lung, and Blood Institute of the National Institutes of Health (NIH), we would like to ask you some questions about your blood donation history, smoking history, diet, use of vitamins and/or supplements, and for women, a few questions about your reproductive history. Your responses will help us better understand iron status in blood donors and contribute valuable information for improving the health of blood donors. Your answers to all questions will be kept confidential and only be used for the purpose of this research. Effect of 12 month Whole Blood/Red Cell donation frequency on the geometric mean of plasma ferritin by males and pre/post menopausal females Pregnant at some point, no date of pregnancy 1.2 (0.6-2.6) 1.5 (0.8-2.8) † The gender effect compares male donors averaged over the observed male age distribution to female donors averaged over the observed female age, menstrual, and pregnancy distributions.
